Deoxyribonucleic acid-deoxyribonucleic acid hybridizations were performed with 31 vancomycin-resistant gram-positive cocci isolated from human sources. A total of 14 human isolates exhibited high levels of homology with Leuconostoc mesenteroides subsp. mesenteroides NCDO 523T (T = type strain), whereas 2 strains were genetically closely related to Leuconostoc lactis NCDO 533T. Nine human isolates formed a tight homology group with an atypical L. mesenteroides strain (strain NCIB 3351), whereas two isolates (together with four strains from food) were found to be highly related to Leuconostoc sp. strain NCDO 76ST. Two new species, Leuconostoc citreum and Leuconostoc pseudomesenteroides, are proposed for these homology groups. The type strains of L. citreum and L. pseudomesenteroides are strains NCDO 1837 and NCDO 768, respectively.
Vancomycin is a glycopeptide antibiotic that is used as a therapeutic agent for gram-positive coccal infections. Recently, there have been a number of reports of vancomycinresistant "leuconostocs" from clinical sources (1-3, 10, 11) . Leuconostocs are normally found living in association with plant material and are common in dairy and other food products. Leuconostocs are generally considered nonpathogenic for humans and animals (6). The assignment of vancomycin-resistant clinical isolates to the genus Leuconostoc is based entirely on simple morphological and physiological tests. However, it is recognized that it is extremely difficult to reliably distinguish leuconostocs from some gram-positive cocci and certain lactobacilli (6). For example, the separation of leuconostocs from some heterofermentative lactobacilli (e.g., Lactobacillus ronfusus and Lactobacillus viridescens) is often based solely on Gram-stained films from broth cultures (leuconostocs are more coccoid than rodlike, and lactobacilli are more rodlike than coccoid). To our knowledge there has been no definitive identification of leuconostocs from human sources by using modern molecular techniques. Therefore, in this study 31 vancomycinresistant cocci isolated from clinical sources were examined by using deoxyribonucleic acid (DNA)-DNA molecular hybridization in an attempt to determine their generic and specific status.
MATERIALS AND METHODS
Strains. Details of the test strains and their sources are given in Table 1 .
DNA base composition and DNA-DNA hybridization. Cells were grown in MRS broth at 25°C and were harvested in late exponential phase by centrifugation. DNA was prepared by using a modification (4) of the method of Garvie (5). DNA base composition was estimated by thermal denaturation in standard saline citrate, using DNA from Escherichia coli K-12 NCDO 1984 (guanine-plus-cytosine [G + C] content, 51.5 mol%) as the standard. DNA-DNA hybridizations were performed under optimum conditions (25°C below the melting temperature) by using the membrane filter method described previously (7). The washing procedure of Garvie (5) was modified to include one wash consisting of 10 ml of 0.2 * Corresponding author.
x standard saline citrate per filter to reduce nonspecific binding.
Biochemical tests. Biochemical tests were performed by using the API 50CH and API 10E systems (API-Biomerieux Ltd., Basingtoke, United Kingdom) according to the instructions of the manufacturer. Test preparations were incubated at 30°C, and readings were made after 24 and 48 h. Pigment production was observed in wet packed cells harvested from MRS broth by centrifugation,
RESULTS AND DISCUSSION
The DNA base compositions of the test strains are shown in Table 1 . The clinical isolates had G+C contents which ranged from ca. 36 to 43 mol%. These values are within the accepted G+C content range (ca. 37 to 45 mol%) for the genus Leuconostoc (8, 9). The results of the DNA-DNA hybridization experiments are shown in Table 2 . The clinical isolates fell into four groups on the basis of DNA hybridization results. A total of 14 human isolates exhibited high homology levels (ca. 60 to 100%) with the type strain of Leuconostoc mesenteroides subsp. mesenteroides (strain NCDO 523), whereas 2 strains were found to be genomically closely related to Leuconostoc lactis NCDO 533T (T = type strain). Nine of the clinical strains formed a relatively homogeneous group which showed a high degree of relatedness (ca. 80 to 100%) with an atypical Leuconostoc mesenteroides strain (strain NCTB 3351). Of the remaining human isolates, two strains were found to be closely related to Leuconostoc sp. strain NCDO 768T. Four other strains isolated from food and designated Leuconostoc mesenteroides were also related to this group. Members of the strain NCIB 3351 and NCDO 76gT homology groups were genetically distinct from each other and from all other Leuconostoc species. If 70% homology is taken as the border line or guideline for species differentiation, the DNA results clearly demonstrate that the two homology groups warrant separate specific status. The name Leuconostoc citreum sp. nov. is proposed for strains belonging to the strain NCIB 3351 group, and the name Leuconostoc pseudomesenteroides sp. nov. is proposed for the strain NCDO 76ST group. The differential biochemical characteristics of Leuconostoc citreum, Leuconostoc pseudomesenteroides, and other Leuconostoc species are shown in Table 3 . Leuconostoc citreum produces a lemon yellow pigment and may be readily distinguished from Leuconostoc mesenteroides subsp. mesenteroides and Leuconostoc pseudomesenteroides because it does not produce acid from ribose. Strains of Leuconostoc citreum are also a-and P-D-galactosidase and p-Dxylosidase negative, whereas Leuconostoc mesenteroides subsp. mesenteroides and Leuconostoc pseudomesenteroides give positive reactions. In contrast, differentiation between Leuconostoc mesenteroides subsp. mesenteroides and Leuconostoc pseudomesenteroides is difficult. Leuconostoc mesenteroides subsp. mesenteroides produces acid from mannitol but not from starch after 7 days of incubation, whereas Leuconostoc pseudomesenteroides strains give the opposite reactions. In addition, Leuconostoc pseudomesenteroides is L-isoleucine arylamidase and L-proline arylamidase negative. Leuconostoc citreum and Leuconostoc pseudomesenteroides are easily distinguished from all other Leuconostoc species (Table 3) .
Description of Leuconostoc citreum sp. nov. Leuconostoc citreum (cit're.um. M.L.adj. citreurn, lemon colored). Spherical or lenticular cells (ca. 0.5 to 0.7 by 0.7 to 1.2 pm) that occur usually in pairs or short chains. Gram positive. Nonmotile. Most strains produce a lemon yellow pigment. Grows at 10 and 30°C; some strains grow at 37°C but not at 40°C. Acid is produced from N-acetylglucosamine, esculin, Arginine dehydrolase, urease, L-isoleucine arylamidase, and L-proline arylamidase negative. The G+C content of the DNA ranges from 38.1 to 40.8 mol% (thermal denaturation method). Isolated from dairy sources, food, and clinical sources. The type strain is strain NCDO 768. In most respects the description of the type strain resembles the description of the species. The type strain produces acid from L-arabinose, cellobiose, 2-keto-gluconate, 5-keto-gluconate, galactose, P-gentiobiose, gluconate, and lactose. Acid is not produced from amygdalin, arbutin, mannitol (after 7 days), salicin, or starch.
